From the air particle (PM) collected from different locations of Dhaka city it has been found that about 30 -50% of the PM 10 mass (depending on location) is fine particles with aerodynamic diameter less than 2.2 µm, which are mainly of anthropogenic origin and predominately from transport related sources. On the other hand, due to the meteorological reason and long-range transport during the wintertime, the PM concentrations remain much higher than the Bangladesh National Ambient Air Quality Standard (NAAQS).
INTRODUCTION
Air pollution, especially due to fine particles has become a major environmental concern in urban areas world over, in view of its adverse health effects that have been associated with ambient fine particulate matter. Particulate matter (PM) is the term used for a mixture of solid particles and liquid droplets suspended in the air. These particulates may originate from a variety of sources, such as power plants, industrial processes, transports, brick kilns, biomass burning, wind blown dust, sea spray, and also they are formed in the atmosphere by transformation of gaseous emissions. The chemical and physical compositions of these particles depend on characteristics of the emission sources located around the area, time of year, and prevailing weather conditions. Size distribution of the particles follows a bimodal distribution with a valley around 2.5 µm. The mass of the particles is proportional to the area under the distribution within each size range. The Total Particulate Size (TSP) fraction ranges (also referred to as Suspended Particulate Matter or SPM) from 0 to ~ 40 µm, the PM 10 fraction ranges from 0 to 10 µm and the PM 2.5 size fraction ranges from 0 to 2.5 µm.
The characterization of these fine particles is very important for the regulators, and researchers due to their potential impact on human health, their ability to travel thousands of kilometers across countries, and their influence on climate forcing and global warming (IPCC 2001) . In order to have an efficient Air Quality Management (AQM) system and also for regulatory purposes it is important to have reliable air quality data and its temporal and spatial distribution.
In Bangladesh, the Department of Environment (DoE) is mandated by the Government for managing environmental issues including air pollution and its impact on human health, vegetation and structures, etc. Before 2002, the DoE used to measure total suspended particles (TSP) in a limited scale in different cities as part of their regulatory activity. With the inception of Air Quality Management Project (AQMP) in 2002, the DoE started measuring PM 10 and PM 2.5 fraction of the PM and other criteria pollutants for regulatory purposes as mentioned in the New National Ambient Air Quality Standards (BGD 1995) . Since April 2002, the DoE is running a Continuous Air Monitoring Station (CAMS) at Shangshad Bhaban premises capable of monitoring all criteria pollutants except Pb and several Satellite Air Monitoring Stations (SAMS) for measuring only PM 10 and PM 2.5 .
While, the Atomic Energy Centre, Dhaka (AECD) of Bangladesh Atomic Energy Commission (BAEC) is monitoring PM 2.5 and PM 2.5-10 as part of regional air pollution monitoring network of 15 countries in Southeast Asia and the Pacific under Regional Cooperative Agreement (RCA) with financial assistance from International Atomic Energy Agency (IAEA) . Over the years both DoE and BAEC have got sufficient PM data to assess the trends and spatial distribution of fine PM.
It is also understood from different literatures that fine PM levels are quite high in Dhaka that have substantial public health impact. Therefore, only fine PM data have been analyzed in this work. Since data on fine particles are collected by different agencies using independent methodology as well as equipment, it is important to understand the quality of data collected for ensuring comparable data. Thus one of the objectives of the present work is to verify the data obtained from both the monitoring network. This paper also reports trend and spatial distribution of air particulate matter in Dhaka city and comparison of air quality data obtained from DoE and BAEC monitoring stations.
MATERIALS AND METHODS

Sampling site description
DoE sites: To satisfy the basic national needs for monitoring air quality and to control air pollution in the major cities of Bangladesh, the DoE has set up the first ever in the country, the continuous Air Quality Monitoring Station (CAMS) at the Sangsad Bhaban premises located at the heart of capital Dhaka city, since April 2002 and five Satellite Air Quality Monitoring Stations (SAMS) in 2005 at different locations of Dhaka city.
Continuous Air Monitoring Station:
A Continuous Air Quality Monitoring Station (CAMS) was set up to monitor and evaluate the current air pollution levels in ambient air on a continuous basis. CAMS measures air pollutants such as CO, SO 2 , NOx, O 3 , CH 4 35 and non-methane hydrocarbon by using multiple gas analyzers. Twenty four hr average concentration of PM 2.5 and PM 10 is also measured at CAMS using high PM 10 and PM 2.5 samplers. Furthermore, CAMS continuously measure Meteorological parameters such as wind direction horizontal and vertical wind speed, rainfall, relative humidity, atmospheric temperature, barometric pressure and solar radiation.
The monitoring station housed at Sangsad Bhaban area ideally represents average pollution levels in Dhaka city. This is the central air monitoring station in Dhaka. CAMS is located in an open, flat area approximately 150 meters away from the heavily trafficked Rokeya Sharani and 300 meters from Manik Mia Avenue. There are no significant local sources of air pollution such as construction or industrial activities in the immediate vicinity of CAMS. No large buildings available within the monitoring area of CAMS and no trees within 20 meter of sampling probe. The sampling inlets are located at the rooftop of a single storied building, which is about 3 meter above the ground. This sampling site can be classified as an urban location distanced from sources but representative of general population exposure and therefore can be treated as broadly representative of citywide neighborhood conditions. In the present study only particulate matter data obtained from the CAMS were used. High volume PM 10 sampler was used collecting cumulative 24 hrs representative PM 10 samples.
Satellite Air Monitoring Station (SAMS):
There are four SAM stations and these are located at Tajgaon (BITAC), Rajarbag, Lalbag and Tongi. In all these stations, the samplings were done by using Air Metrics samplers and PM 10 and PM 2.5 samples were collected simultaneously. The description of the sampler is given elsewhere (Begum et al. 2005) .
Tajgaon: This site is located in a heavy industrial area (BITAC) and a heavily trafficked road is 100 meter, away from the sampling location. Population density is lower as compared to the other sampling sites. Both industrial and motor vehicle sources make an important contribution to long-term and peak concentrations. One of the busiest bus terminals is located within less then 1 kilometer of the sampling site. A big metal workshop is also located within the immediate vicinity of the sampling site. The sampling probe is 7 meter above from the ground.
Rajarbag: This sampling site is located at the city center (Rajarbag Police Line) and can be treated as fully commercial and heavily traffic area. There are some large buildings situated within 50 meters. The sampler is located at the rooftop of a building 3 meter above the ground. This sampling site can be classified as an urban location representative of general population exposure in the city center e.g., pedestrian grounds and shopping areas.
Lalbag:
The sampling site is a historical park with flat and open spaces located in southern part of the Dhaka City. The nearest road is not heavily trafficked but the whole area is very congested and densely populated. No large buildings or any nearby emission sources are available in the immediate vicinity of the site. However, some small cottage industries like plastic manufacturimg, bread and biscuit factories are located within 1 kilometer of sampling site. The sampling probe is almost 5 meter above the ground level.
Tongi: The characteristic of this site is almost same as Tejgaon site. The area is heavily industrial and a major inter-district highway i.e., Tongi-Mymensingh road is located within less than half a kilometer of the sampling site. Large number of diesel vehicles e.g., buses and trucks ply on this road almost 24 hours. Moreover, heavy industrial activity may also contribute to the pollutant concentrations at this sampling site. The sampling probe is almost 6 meter above the ground.
Baec sampling sites
The Atomic Energy Centre, Dhaka (AECD) of BAEC is operating two sampling sites (semi-residential and traffic hot spot) for collecting PM samples using a 'Gent' stacked filter sampler ) capable of collecting air particulate samples in coarse (2.2 -10 μm) and fine (2.2 μm,) size fractions together. PM 10 concentration may be obtained by adding PM 2.5 and PM 10-2.5 concentrations. Generally, the samples were collected for a 24 h average period at least twice in a week (only week-days).
The hot spot site (HSD) is a high traffic area located at Farm Gate, Dhaka, adjacent to an intersection of several main roads typically carrying heavy traffic. The sampler was placed on the flat roof of the guardhouse of the Bangladesh Agricultural Research Council (BARC). The roof height was 3 m above the ground and the intake nozzle of the sampler was located 1.8 m above the roof. The intake was about 5 m away from the roadside. In the semi-residential area (SR) site, the sampler was placed on the flat roof of the Atomic Energy Centre, Dhaka (AECD) campus building. The roof height was 5 m and the intake nozzle of the sampler was located 1.8 m above the roof. The intake was about 80 m away from the roadside. The sampler was placed so that the airflow around it was unobstructed.
Location of the sampling stations in given is Fig. 1 . It can be seen the sampling sites covers the overall geographical area of Dhaka city. 
Description of samplers
Gent sampler: The Gent sampler collects samples in two fractions namely fine from 0-2.5  μm and coarse from 2.5-10. The description of the sampler is given elsewhere (Cahill et al. 1979) . The initial filter used for coarse fraction is an 8 μm pore 47 mm nuclepore filter and the second filter collecting fine fraction is a 0.4 μm pore nuclepore filter.
High volume PM samplers in CAMS:
In CAM station, Echotech Hi-Vol air samplers (Model GMW 1200) for PM 10 and Partisol sampler (Model 2000) for PM 2.5 were used in air particulate matter sampling, which is monitored by DoE. In this station, samples were collected for a 24 h period throughout the weeks including week-days and week-ends.
PM 10 sampler:
The sampler draws ambient air at a constant flow rate of about 70 m 3 /hr into a specially shaped inlet where the suspended particulate matter is initially separated into one or more size fractions within the PM 10 size range. The PM 10 size range is then collected on a glass fiber filter over the sampling period of 24 hrs. The total volume of air sampled, measured at the actual ambient temperature and pressure, and is determined from the measured flow rate and the sampling time. The mass concentration of PM 10 in the ambient air is computed as the total mass of collected particles in the PM 10 size range divided by the volume of air sampled, and is expressed in micrograms per actual cubic meter (µg/m 3 ). hrs. The total volume of air sampled, measured at the actual ambient temperature and pressure, is determined from the measured flow rate and the sampling time.
Gravimetric mass measurement
Department of environment (DoE):
Mass for the PM samples collected under the DoE air quality monitoring network was measured in the CAMS laboratory usually twice in a month. A Sartorius Micro-balance (Model MC 210S)) with 10 µg readability was used for weighing the filters. Standard operation procedure (SoP) developed for weighing filters was followed. The aerosol masses of were determined by weighing the filters before and after exposure. A Po-210 (alpha emitter) electrostatic charge eliminator (STATICMASTER) was used to eliminate the static charge accumulated on the filters before each weighing.
Bangladesh atomic energy commission (BAEC):
A Metler microbalance (Model MT5) having readability of 1 µg was used for the gravimetric analysis and the quality assurance exercises. Standard operating procedure (SoP) developed in the laboratory was followed throughout the study. Before pre-weighing, the filters were inspected to assure that there are no pinholes, tears, creases, or other flaws, which may affect the collection efficiency of the filter.
The filter masses were determined by weighing the filters without exposing them. A Po-210 (alpha emitter) electrostatic charge eliminator (STATICMASTER) was used to eliminate the static charge accumulated on the filters before each weighing . Zero/span check was done before weighing for proper operation of the measurement system. Before and after the actual weighing, the balance was calibrated using secondary standard masses for quality control checks.
RESULTS AND DISCUSSION
Quality control in gravimetric analysis: Data quality objectives in any measurement usually specify the level of uncertainty in the data that the users are willing to accept. Since the PM measurement in CAM station and probably in other proposed station are based on the gravimetric analysis of air filters. Therefore, it is essentially required that the 39 measurement of mass would be as accurate as possible to achieve the data quality objective. This needs for quality control in weighing of air filters both on pre-and post collection of the PM samples.
In order to perform ambient air sampling and mass analysis operations consistently, standard operating procedure (SoP) ) must be followed during the air filter paper weighing to have quality control/quality assurance data. It is important to make sure that the results are free of bias and within statistical control (Biegalski 1999) . In air particulate matter (APM) studies, there are three important points that influence the experimental outcome. These are the sampling methodology, the laboratory conditions and the verification of analytical results. So the laboratory condition is responsible for the variation of gravimetric mass. Contaminations, aerosol loss from a filter, electrostatic charging of filters or differences in humidity may cause the deviations from the real value (Almeida et al. 2003) . The measurement uncertainties are the error associated with the laboratory activities. Air quality management system requires comparable air quality data to be collected for assessment and regulatory purposes. Thus it is necessary for any air quality-monitoring programme to ensure that all the data generate by any equipment comply with acceptable standard.
In view of ensuring data quality, a laboratory intercomparison was organized for understanding the degree of comparable weighing results that could be achievable from CAMS and BAEC laboratories. For this purpose, a set of three secondary laboratory standards (approximately 100, 200 mg and 3g) was prepared from stainless steel wire (weights that does not change/influenced over a long time period) and those were weighted independently in the CAMS and the BAEC laboratories. The results of the intercomparison run are given in Table 1 . The data show very good agreement in mean and median weights of the laboratory standards between the measurements of two different independent laboratories. The standard deviation in the AQMP measurement is thrice as high as the BAEC measurement, which reflects the precision of the BAEC measurement is better than the AQMP results. This is due to the advantage that BAEC used a microbalance of 1µg readability whereas the AQMP weighing was done using microbalance of 10µg readability.
Quality assurance in PM sampling
For the PM data used in present study three different types of samplers were used. Thus it was necessary to ensure that the samplers produce comparable data. At the CAMS site both PM 10 and PM 2.5 samples were collected by using FRM samplers but in SAMS sites those samples were collected using Airmatrics samplers, which is not a FRM sampler. On the other hand, at the BAEC site PM samples were collected using GENT sampler, which is also not a FRM sampler. Although GENT sampler is not a FRM sampler, but intercomperison study with Phillips beta gauge PM 10 sampler and ASP/IMPROVE PM 2.5 cut-point sampler showed good correlation . It is seen that if the overloading is carefully addressed the GENT sampler provides aerodynamically well defined samples. It is also observed that GENT sampler collects less of the fine particles mass than the FRM samplers. The GENT sampler was typically operated at 16 to 18 lpm resulting in an estimated 50% cut point of 2.2 μm rather than PM 2.5 .
The characteristics of the MiniVol Portable Air Sampler were compared with GENT sampler by examining the reproducibility of the sample mass collection efficiency and the measured mass concentrations were also cross-checked. It was found that in case of PM 10 both samplers collect almost same mass fraction when the GENT sampler was operated at 16 litre per minute flow rate. But in case of fine fraction, Airmetrics portable sampler collects 70% higher PM 2.5 mass concentration compared to the GENT PM 2.2 mass concentrations (Begum and Biswas 2005) . This is because the GENT sampler was typically operated at 16 to 17 lpm resulting in an estimated 50% cut point of 2.2 μm.
PM distribution in Dhaka city: Dhaka, the eighth largest mega city of the world, witnessed a very fast growth of urban population in recent times which contributed to rising demand for transport services, mainly the road transport. There has been a step rise in the heterogeneous mix of old technology vehicles on the city roads despite that the road space is narrowing and the traffic congestion reached to an unmanageable proportion. As a result the major traffic intersections in the city have turned to hot spots for air pollution due to vehicular emissions. Motorized transports of Dhaka are suspected to be the single largest contributor of air pollution in Dhaka. It is known that diesel exhaust contains harmful gases, liquid droplets and solid particles. The majority of the particles are sub-micron in size and are considered to be most damaging to human health. The pollutants of concern found in diesel exhaust are PM, NO x , hydrocarbon toxins such as polynuclear aromatics. The primary particles are emitted directly by vehicles; secondary particles are formed from the chemical oxidation of atmospheric gases. Oxides of sulphur and of nitrogen are precursors for secondary particles; reducing sulphur in diesel could lower the amount of sulphate-based particles. On the other hand, CNG vehicles also emit particles in sub-micron range which are also harmful for human.
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PM emission is generally attributed to engines design and maintenance, fuel consumption due to over-overfuelling, overloading, engines being underpowered and poorly maintained, lubricant oil consumption and sulphur content of the fuel (Kundu et al. 2006) . In case of engines where other design parameters are addressed, higher the content of sulphur, higher is the PM emission. This is because, due to high sulphur content, some of the post combustion emission control devices cannot be used. In addition, PM emission from a diesel vehicle is a function of the vehicle speed. The optimum steady speed for emissions, which is usually in excess of 60 km per hour, is rarely achievable given the traffic situation in Dhaka city.
Therefore the assessment focuses on the particle mass concentrations data from 2002 -2007. The co-located PM samples were collected from different sites throughout the year. Tables 3 and 4 provide the details on the number of samples collected in each size range during each of year of the study areas. Bangladesh is a developing country, and there has been high growth in the industrial sector surrounding the Dhaka city in recent past ). The Government has taken different steps to reduce the particulate matter (PM) concentrations, as PM is the criteria pollutant . Fig. 2 shows the distributions of PM 2.5 and PM 10 mass of the study areas within Dhaka city in the form of box and whisker plots. and PM 10 fractions are much higher that the BNAAQS values. Although the government has taken several policies in order to reduce the PM pollution but these are not enough to control the PM emissions. It was found from source apportionment study, for fine fractions that the main contributors are motor vehicles and brick kilns together with long range transport of fine PM . On the other hand, soil dusts including road dust are the main contributor for PM 10 fractions. The fine mass concentration has varied depending on the locations. The fine mass concentrations may become high due to high vehicular contributions and also other anthropogenic activities such as diesel powered generators, construction activities, small industries etc. Concentration (μg/m 3 ) related to population increase are likely reasons for high pollution. It is noticeable that during the wintertime the PM concentrations register much higher amount due to local weather condition as well as long-range transport (Begum et al. 2009 ). Fig. 4 represents the box-whisker plots of all the PM 10 sampling sites. It has found that the PM 10 concentrations would exceed the latest Bangladesh National Ambient Air Quality Standard and also World Health Organization guidelines (WHO, 2005) . Because of the proximity of major roadways in the monitoring sites (except semi-residential site), the influence of traffic induced coarse dust from abrasion and resuspension is obvious. This is plausible because mechanically produced particles, and in particular resuspension, depend not only on the vehicle frequency but also on the condition of the roadway (e.g. clean/dirty, wet/dry). The concentrations of PM 10 vary due to local impact but the patterns of variation of mass concentrations are more or less same in all sites. From the time series (Fig. 5 ) of fine mass concentrations, it is evident that during the rainy season, fine mass concentration meets the ambient air quality standard. However, during the dry season, the values go up 5 -7 times higher than the rainy season (Table 5 ). The reasons for the high peaks during the winter are not only caused by seasonal fluctuations of the emissions, but also by meteorological effects. Because winter season is characterized by dry soil conditions, low relative humidity, scanty rainfall and low northwesterly prevailing winds (Fig. 6) . 
CONCLUSION
The temporal and spatial pattern analysis of PM data is particularly useful for source identification. Moreover, consideration of spatial and temporal scales helps to focus PM management strategies on the effects of concern. It has been found that about 30 -50% of the PM 10 mass (depending on location) in Dhaka is due to fine particles with aerodynamic diameter less than 2.5 µm, which are mainly of anthropogenic origin and predominately from transport related sources. Although there is large temporal variation in both PM 10 and PM 2.5 levels spatial variation across is rather limited. The government's actions so far which among others include banning of two-stroke three wheeler baby taxis and imposing restrictions on the registration of diesel run commercial vehicles have proved insufficient to improve the ambient air quality. As a result, the concentration of fine particulate mass is on the rise (Fig. 4) .
The PM concentrations increase during the dry winter-time due to the meteorological condition and there are indications (Begum et al. 2009 ) that these 47 pollutants may also be important for the vehicle. Therefore, actions to reduce air pollution in Dhaka exacerbated by trans-boundary contribution merit special attention.
